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Abstract
Exposure to mercury is an important risk to dentists health. The aim of the present study was to assess the pooled mean mercury
level (MML) in the urine, blood, nail, and hair of Iranian dentists (IDs) through the meta-analysis technique. Comprehensive and
systematic searches were performed in main local databases including SID, Magiran, Iran medex, and ISC as well as interna-
tionally available databases including Embase, PubMed and Scopus for all the relevant studies up to 2018. In order to prevent
bias in this study and identify eligible studies, various steps of the study was performed independently by two researchers. Out of
13 studies in the meta-analysis process which included 1499 IDs, the mean of the mercury level in the urine, nail, and blood was
estimated to be 6.29 (95% CI: 2.61–9.97, I-square: 62.7%, P: 0.006), 3.54 (95% CI: 2.81–4.28, I-square: 0.0%, P: 0.968), 11.20
(95% CI: 2.28–20.13, I-square: 59.9%, P: 0.082), respectively. The mean mercury level (MML) in the biological samples of IDs
was higher than the standard of World Health Organization (WHO). So, in accordance with Article 10 of the European Union
Regulations (EUR), in the context of the Minamata Convention (MC) on Dental Amalgam (DA), in order to avoid the dangers of
mercury exposure in dentists, it is necessary for Iran and other countries to approve laws and to implement a national plan to
reduce mercury levels and replace the appropriate materials.
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Introduction
Metals are found in the crust of the Earth [1]. Out of the 35
natural metals available, 23 have specific density above
5 g/cm3 with the atomic weight more than Forty, which
are commonly referred to as heavy metals [2–4]. Exposure
to some of these metals such as mercury is extremely dan-
gerous in very small amounts and can cause acute and
chronic toxicity in humans [5]. Among the heavy metals,
mercury has unique physicochemical properties, according
to which human exposure to its various compounds has
caused a great deal of environmental and health concerns
worldwide [6–8]. Mercury is known to be the most dan-
gerous element after arsenic and lead [9]; Agency for
Toxic Substances and Disease Registry (ATSDR) has clas-
sified it as the third element of the highest priority pollut-
ants [10]. Accordingly, mercury effects on health of human
have extensively been studied by various authors and in-
ternational agencies [11–23]. Mercury has three forms in-
cluding elemental (or metallic), organic, and inorganic
mercury [24]. It is widely introduced to the environment
from natural and human resources [25, 26]. Liquid form of
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metallic mercury is poorly absorbed through the body.
Elemental mercury enters the blood stream easily at the
room temperature by inhaling the vapor. In general,
Persons are exposed to mercury via diet, air inhalation,
dental amalgam (DA), mercury-containing vaccines, and
occupational exposure [26–28]. Mercury vapor inhalation
through DA is the uppermost source of exposure with in-
organic mercury for most humans around the world [29].
In addition, mercury can become one of the most toxic
forms in the environment, namely methyl mercury, and
via accumulating in the food chain (especially contaminat-
ed fish and seafood) and being consumed by humans, it
causes serious toxicity and damage to various human or-
gans [29]. Mercury mainly affects the central nervous sys-
tem [30, 31], but can also damage other major organs such
as the brain and kidneys [7]. It simply crosses the barriers
of blood-brain and is rapidly converted to mineral mercury
by the intracellular reaction and remains in the brain for
many years [32]. behavior and toxic effects of mercury
forms for humans depend on chemical structure, dose, ex-
posure time, person age of exposed (most sensitive to the
fetus), exposure modes (inhalation, ingestion, and skin
contact), and health status of the exposed person [24,
32–35]. In general, the major complications of acute and
chronic exposure to mercury in humans are severe disor-
ders in various organs, especially the respiratory, reproduc-
tive, renal, hepatic, genetic and epigenetic, neurological,
and cardiovascular systems [27, 28, 36–44]. Also,
mercury-induced toxicity can cause symptoms such as im-
paired cognitive function, altered neurological response,
headache, hypertension, tremor, and insomnia in humans
[45–47]. Among the different pathways of mercury expo-
sure, risks of occupational exposure are very important.
Occupational exposure to inorganic mercury occurs more
via the inhalation of elemental mercury vapors (EMVs)
and may cause numerous disorders, especially in persons
working in mines, factories, dentistry, and so on. Among
the occupational groups, dentists have been in frequent
contact with mercury because of its use with amalgam
and their exposure is primarily via inhalation of vapors.
The DA ingredients are a combination of several metals
including mercury (about 50% by weight), silver, tin, cop-
per , and zinc [48] . Based on the World Heal th
Organization’s (WHO) report [49], the highest exposure
of dentists to mercury vapor is due to amalgam filling dur-
ing dental restoration. Rate of mercury vapor release from
amalgam depends on various parameters including tooth
specification, rate of filling, and also amalgam age, surface
area, and composition [29]. Approximately 80% of the
mercury vapor of the element released from the amalgam
is absorbed by inhalation [32]. Of course, eating foods
such as fish and using DA by dentists are also among the
most important ways of exposing them to mercury.
Therefore, due to the toxicity of mercury in amalgam,
WHO has recommended that the use of this material for
dental restoration be gradually phased out and replaced
with alternative materials [50]. However, due to the high
cost of this option for low- and middle-income countries,
use of dental amalgam is still widely used as the most
important restorative of dental in various regions of the
world [51]. Lower price than other materials, effective pro-
tection of the tooth structure, relatively long durability,
excellent sealing and strong bonding with the teeth, usabil-
ity at all ages, and ease of use by dentists are among the
benefits that make it widely used in dentistry [52]. Due to
the health and environmental effects of mercury, health
authorities in some parts of the world have banned or re-
duced the use of this substance in dentistry. For example,
the use of DA is banned in countries such as Norway [53]
and Sweden [54] and, in other countries such as Japan and
Switzerland [29], the use of fillers is banned. However, DA
use in other countries such as Denmark, Finland, Estonia,
and Italy accounts for less than 5% of the total dental res-
toration [29]. However, in Iran, there is still widespread
use of this material in research as well as manufacturing
of DA materials for dental filling by dentists, which poses
serious health risks.
In recent years, the dangers and concerns of mercury con-
tamination and toxic effects have led to the Minamata
Convention (MC) being implemented in 2013 with the aim
of protecting the human health and environment against the
release of mercury and its compounds. According to Article
19 of this Convention, parties to the Convention are required
to endeavor and evaluate the impact of mercury and its com-
pounds on the human health and environment, in particular in
relation to vulnerable populations [55, 56]. Therefore, dentists
as one of the most vulnerable and at-risk groups due to the
frequent and prolonged exposure to mercury vapors present in
DA should be regularly reviewed.
Exposure to mercury in dentists can be assessed by mea-
suring the concentration of mercury in different types of bio-
logical samples such as the blood, urine, hair, and nails. Blood
is the best specimen for evaluating MeHg. Although exposure
to inorganic mercury or mercury vapor will raise blood levels.
Urine is not useful for measuring methylmercury and deter-
mining urinary mercury level in dentistry is used to test expo-
sure to metallic vapor and inorganic forms of mercury. Also,
mercury levels in hair and nails are used as biomarker of
chronic methylmercury exposure [57].
A tremendous number of research have been done so far;
but, the findings are inconsistent. Specifically, the results of
this study can be used to control global mercury pollution to
assess the effectiveness of the MC [9]. Therefore, this work
aims to determine the mercury level in the blood, urine, hair,
and nail samples of Iranian dentists (IDs) using systematic
review and meta-analysis.
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Materials and methods
Study protocol
For search strategy and review processes in this systematic
review, we followed the preferred reporting items for system-
atic review and meta-analysis (PRISMA) guidelines [58]. The
ultimate population-exposure-comparator-outcome (PECO)
statement was designed as the population: dentists; exposure:
mercury; comparisons: specific to each study; outcomes: mer-
cury level in the blood, urine, hair, and nail.
Search strategy
Comprehensive and systematic searches were performed in
main local databases (SID, Magiran, Iran medex, and ISC),
as well as internationally available databases(Embase,
PubMed and Scopus) for all the relevant studies with mercury
levels in biological samples of dentists in Iran.
The search was conducted up to December 31, 2018. Also,
to access more information, sources of the articles were also
reviewed for access to other related articles. The search strat-
egy was performed using the following keywords: “occupa-
tional exposure”, “occupational diseases”, “mercury”, “den-
tists”, and “Iran” to select the related studies. For online elec-
tronic databases in the national and local scales, the equivalent
Farsi keywords were employed.
Study criteria
Inclusion criteria
The inclusion criteria included all the studies in Farsi and
English for determining the Mean Mercury Level (MML) in
dentists’ blood, urine, hair, and nails samples in Iran up to
December 31, 2018.
Exclusion criteria
The exclusion criteria included all the studies aiming to deter-
mine MML in the blood, urine, hair, and nail samples, but not
related to the population of IDs, having samples containing
mean concentrations of heavy metals (other than mercury) in
the blood, urine, hair, and nails of IDs, non-Farsi or English
language studies, interventional studies, studies outside Iran,
availability of information, duplicate articles, qualitative stud-
ies, case reports, review articles, letter to the editor, case series,
and articles published after the said period.
Selecting studies
In general, in the initial search, 677 articles were found.
After reviewing the entry and exit criteria and qualitative
evaluation, finally, 13 eligible articles were entered into
the meta-analysis. In order to prevent bias in this study
and identify eligible studies, the research process, selec-
tion of articles, quality assessment, and data extraction
were performed independently by two researchers. In case
of disagreement between the results of the two re-
searchers, the results were examined by the third research-
er and, eventually, the final consensus group discussion.
In this study, after removing the duplicates, the titles of all
the articles were reviewed and the unrelated items were
removed. In the next step, the remaining articles were
studied. In this stage, the unrelated articles that did not
meet the inclusion criteria were excluded. Finally, by
reviewing the full text of the possible relevant articles,
the final eligible articles were selected to enter the meta-
analysis process and eliminate the unrelated cases.
A flow diagram of PRISMA for details of the review pro-
cess is given in Fig. 1.
Data extraction
The required data were extracted using a pre-prepared check-
list including name of first author, publication year, study
place, sample size, type of study, age (mean ± SD), MML in
biological samples of IDs (Mean ± SD), sample environment,
and analytical technique.
Quality assessment and risk of bias
The quality assessment of eligible remained papers was con-
ducted independently by two independent research experts
(YM and NM) using the Newcastle-Ottawa Scale (NOS)
[59, 60]. A NOS score of 7 or more can be considered as
“good” [61].
Meta-analysis
STATA version 16.0 (Stata Corporation, College Station,
TX, USA) was used for meta-analysis. The pooled esti-
mate was calculated by random effect model (REF), be-
cause of the heterogeneity in the included studies were
high. The reported mean and standard deviation (SD)
were eligible for inclusion in the meta-analysis [62]. To
assess the heterogeneity Cochran Q test and an I2 statistic
were used. Low, moderate, or high degrees of heteroge-
neity were approximated by I2 values of 25%, 50%, and
75%, respectively. Heterogeneity was assessed by
subgrouping the time of measures and study population.
Publication bias was assessed by Egger test with the sig-
nificance level set at p value <0.10.
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Results
Search results and studies description
After searching the databases, 677 articles were retrieved
(PubMed; 154, Scopus; 322, EMBASE; 181). Upon remov-
ing 226 duplicate articles and excluding 376 articles according
to their titles and abstracts, 75 full texts were reviewed. Based
on the inclusion and exclusion criteria and qualitative evalua-
tion, 62were excluded from the full texts due to inaccessibility
and irrelevant results. Finally, 13 eligible studies were entered
into the meta-analysis (Fig. 1).
Based on the results presented in Table 1, among the 13
articles, in the study of Neghab et al. (2011),MML in the urine
was reported; therefore, mean and SD of this study were cal-
culated using Hozo et al. [63]. 13 eligible studies were select-
ed. Of these, 3, 9, 1 and 2 studies were related to the level of
mercury in blood, urine, hair and nails, respectively (Table 1).
From the 13 eligible studies , in the ones by
Shirkhanloo et al. (2017) and Zolfaghari et al. (2007),
mercury levels in the biological sample of IDs were re-
ported in two biological samples, the data of which are
presented separately in Table 1.
All studies entered into the meta-analysis process were an-
alytical cross-sectional (7 articles) and cross-sectional (6 arti-
cles). Studies were conducted in 6 provinces of Iran, including
Tehran, Hamedan, East Azerbaijan, Khuzestan, Fars, and
Khorasan Razavi. The total sample size entered into the
meta-analysis process was 1499 IDs. The lowest and highest
numbers of samples in meta-analysis process were related to
Khamverdi et al. (2004) with the sample size of 30 and
Mousavi et al. (2009) with the sample size of 280, respectively
(Table 1). Overall, the risk of bias in primary studies was low
(Table 1).
Quantitative synthesis (meta-analysis) and subgroup
analysis
MML in blood, urine, hair, and nail of IDs
In this study, 13 eligible studies, which were conducted in Iran
up to December 31, 2018, entered the meta-analysis process.
The pooled standardized mean difference of mercury in IDs
was 3.96 (95% CI: 3.03–5.90, I-square: 61.6%, P: 0.001)
(Fig. 2).
Publication bias
The results of Eggers test showed that confidence interval was
not zero (coefficient: 1.63, T: 4.67, P: 0.001, 95% CI: 0.87–
2.37). The funnel plot is represented in (Fig. 3). A significant
bias occurred in the publication of the results. So, the result of
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Fig. 1 PRISMA flow diagram
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the Eggers test shows that the outcome influenced the decision
of whether to publish.
Mean of mercury level in Iranian densities based on subgroup
analysis
The results of the subgroup analysis of pooled mean of mer-
cury in dentists in Iran based on type of studies, technique, and
sample environment are showed in Table 2.
Mean of mercury level in Iranian densities based on sample
environment Subgroup analysis in this meta-analysis was
conducted based on sample Environment and technique for
detecting source of heterogeneity. Results showed that pooled
mean of mercury in dentists by sample environment in the
urine, nail, and blood was 6.29 (95% CI: 2.61–9.97, I-square:
62.7%, P: 0.006), 3.54 (95%CI: 2.81–4.28, I-square: 0.0%, P:
0.968), 11.20 (95% CI: 2.28–20.13, I-square: 59.9%, P:
0.082), respectively (Fig. 4). Based on Table 1, the lowest
and highest mean urine mercury level (UML) in IDs were
3.11 μg/l and 57.2 μg/l, respectively. Also, the lowest and
highest mean blood mercury level (BML) of the IDs was
reported as 6.30 μg/l and 21.9 μg/l, respectively.
According to the WHO guidelines, the mean urinary mer-
cury levels in the four studies were higher than the normal
limit recommended by the WHO. Mercury levels in all blood
and hair studies were higher than the WHO standard.
To better highlight mercury levels in the blood, urine, hair,
and nail of IDs according to the WHO standard, the map of
spatial distribution of mean mercury concentrations was gen-
erated by using geographic information system (GIS) (Fig. 5).
Mean of mercury level in Iranian densities based on analytical
technique Also, the mean of mercury based on technique was
various and, in AAC method, higher than other techniques
(Fig. 6). Results showed that pooled means of mercury in
dentists by analytical technique in CV-AAS, AMA-S-
PAAS, AAS, and FI-CVAAS were 4.51 (95% CI: 2.36–
6.65, I-square: 41.6%, P: 0.144), 3.27 (95% CI: 2.70–3.85,
I-square: 0.0%, P: 0.502), 23.24 (95% CI: 11.10–35.37, I-
square: 0.0%, P: 0.546), 17.84 (95% CI: 10.81–24.87, I-
square: 0.0%, P: 0.675), respectively (Fig. 6).
Generally, blood samples of IDs (4-5 cc of venous
blood) were collected and, then, stored in polyethylene
(one study) and polypropylene (one study) containers. In
Shirkhanloo et al.’s (2017) and Sadeghneiat et al.’s (2007)
studies, the retention temperature of the samples has been
−20 °C prior to the analysis, but was not reported in
Kasraei et al. (2010).
For studies related to the determination of mercury levels in
urinary, in two studies by Shirkhanloo et al. (2017) and
Mousavi et al. (2009), 24-h urine samples were obtained from
Fig. 2 Pooled standardized mean
of mercury in Iranian densities
(random effect model)
Fig. 3 Publication bias; Mean of mercury in Iranian densities
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IDs who had a number of months of steady exposure at the
end of a working week. In these two studies, all the sampling
vessels were of polypropylene type and retention temperature
for all the samples was −20 °C prior to the analysis. In the
study of Ostadi et al. (2017), urine samples were taken before
mid-week. Also, 20 cc of urine samples was prepared in poly-
ethylene bottles. In Daghayeghi et al. (2014), Akbari et al.
(2013), and Khamverdi et al. (2004), urine samples (120-
125 cc, polyethylene bottles) have been taken in the first
morning of a working day. However, the sample collection
in Hasani Tabatabaei et al.’s (2007) research was at the end of
the working day.
Hair samples were collected from the scalp area of IDs. The
quantity of hair needed for mercury analysis was 1 g (1 to
3 cm). Hair samples were cut by the stainless steel scissors
and, then, stored in labeled plastic bags.
Also, the amount of nail needed for mercury analysis was
1 g. The nail samples were entered into an electric oven at
60 °C for 12 h and, then, powdered.
In the selected studies,MML in the blood and urine of IDs was
reported in μg/L and, in the hair and nail, in μg/g, respectively.
Overall, the mercury level in the biological samples of
IDs was obtained using flow-injection cold vapor atomic
absorption spectrometry (FI-CVAAS), atomic absorption
spectrometry (AAS), cold vapor atomic absorption spec-
trometry (CVAAS), and advanced mercury analyzer,
single-purpose atomic absorption spectrometer (AMA-S-
PAAS).
Table 2 Subgroup analysis of pooled mean of mercury in dentists in Iran based on type of studies, technique, and sample environment (fixed effect
model)
Outcomes Subgroup No. of studies Mean of mercury (95% CI) Between studies
I2 P heterogeneity Q




























































Fig. 4 Subgroup analysis:
Standardized mean difference of
mercury in Iranian densities based
on sample environment (random
effect model)
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Among the analytical methods mentioned above, the BML
of IDs was obtained using FI-CVAAS and CVAAS. The urine
mercury content was obtained by FI-CVAAS, CVAAS, and
AAS. Also, AMA-S-PAASmethodwas employed tomeasure
mercury level in the hair and nail.
Mean of mercury level in Iranian densities based on study
type The mean of mercury in cross-sectional studies was
higher than that in the analytical cross-sectional works
(Fig. 7).
Meta-regression
Meta-regression was used to discover the sources of between-
study heterogeneity, including study sample size and age of
the participants. Based on the results, the mean of mercury did
not have a relationship with sample size (p value >0.10) and
age of individual (p value >0.10).
Discussion
In occupational exposure, dentists are one of the most impor-
tant at-risk groups to mercury due to the frequent use of DA
(containing approximately 50% mercury) during work activi-
ties. Therefore, it is expected that the health of such specialists
will be at serious risk due to repeated exposure to this highly
toxic element [77]. Also, the European Union approved the
MC by law on May 17, 2017 in the European Parliament and
















Fig. 5 Geographical distribution of mercury levels in urine (a), blood (b), and hair (c) of IDs according to WHO standard
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concerning DA and its management [78]. Since the global
treaty of MC (specifically for mercury) was signed by the
Iran and over one hundred countries in October 2013 [79], it
is necessary that the researchers of the country, through sci-
entific research on the modeling and geographical monitoring
of mercury and mercury compounds in vulnerable popula-
tions, under Article 19 of this Convention (research, develop-
ment, and monitoring), strive to successfully manage and en-
force the MC [55]. So, for the prevention, protection, and
promotion of dentists’ health in the face of mercury, we need
a overall understanding of the current situation for planning
and formulation of appropriate policies for the future [9].
Generally, studies have been performed on mercury levels in
different biological samples of IDs; but, the results of some
studies are different. Therefore, the present meta-analysis was
performed to determine theMML in biological samples of IDs
and compare it with WHO standard. According to WHO’s
guideline, the mercury levels of 5 μg/l, 4 μg/l, and 2 μg/g
were considered as “reference values” in the blood, urine, hair,
and nail of humans, respectively [12, 49]. But, few researches
have been done on nails and there is no standard limit for at
least one of the available studies.
Fig. 6 Subgroup analysis:
Standardized mean difference of
mercury in Iranian densities based
on analytical technique
Fig. 7 Subgroup analysis:
Standardized mean difference of
mercury in Iranian densities based
on study type
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Blood, urine, hair, and nail were considered as appropriate
bio-indicators of mercury contamination for determining the
human risk factors in studying toxic metals [9]. Mean of BML
was estimated to be 11.20 μg/l for IDs. Results of this study
showed that the mean BML in IDs was higher than the WHO
standard. According to WHO’s report, contact with EMVs in
dentistry is the most important source of high inorganic mer-
cury in biological samples of dentists [49]. Although this may
have occurred due to exposure to personal amalgam fillings in
dentists’ mouth [70, 80, 81], but high concentrations of mer-
cury in the blood may be due to unprofessional exposure (for
example, fish consumption). Blood mercury may reflect inor-
ganic mercury exposure in recent weeks, but this amount is
also affected by the consumption of organic mercury in food
[82]. So, increased BML can occur after prolonged exposure
to inorganic mercury [7]. Although it is difficult to distinguish
between occupational and non-occupational exposure to mer-
cury in human biological samples, in the study by Sadeghneiat
et al. [66], via removing the effect of seafood consumption,
the reason for high levels of mercury in dentists was found to
be directly by inhalation of EMVs while working with DA.
Also, in the work by Kasraie et al. [65], it was reported that
BML in dentists was significantly correlated with higher
working hours and number of amalgam restorations per day.
Some studies have reported inconclusive evidence with no
correlation or relatively weak correlation between the number
of amalgam fillings and mercury levels [83–85]. In this work,
the mean of BMLwas reported to be higher than the allowable
limit of WHO in all relevant studies, which was consistent
with the results of other studies in the world. This rate varies
in different countries of the world: Egypt (7.74 μg/l) (86),
Pakistan (29.83 μg/l) [81], Turkey (9.03–45.02 μg/l) [87],
Turkey (35.7 μg/l) [88], Singapore (9.8 μg/l) [89], and USA
(8.2 μg/l) [90]. However, results of studies in other countries,
such as USA (3.75 μg/l) [91], Turkey (3.76 μg/l) [92],
Denmark (4 μg/l) [93], and USA (3.67 μg/l) [80], are below
the WHO reference value. The mean BML in dentists varies
worldwide and, in the present study, was within the range of
6.30–21.9 μg/l. Various factors could be the cause of these
changes in the BML of dentists in different countries.
Probably, the reason of difference in BML in dentists, as well
as occupational exposure to DA (poor and inadequate protec-
tive equipment), may be other factors such as type of nutrition,
age, long working experience, exposure time, and geographic
area [94]. However, factors such as the analysis method of
samples and contaminated samples might influence the final
results. In general, most of the health effects of organic mer-
cury and metallic mercury compounds are related to the cen-
tral nervous system, so increasing exposure to mercury can
impair brain function and lead to tremors, shyness, irritability,
memory problems and changes. Be in hearing or sight. [3, 7].
But, because these symptoms are also common in other dis-
eases or conditions, it can be difficult to diagnose mercury
poisoning in such cases [95]. However, pregnant dentists
should be careful about this, because mercury exposure in
pregnant women can affect the fetus and fetus may suffer from
mental retardation, cerebellar symptoms, retention of primi-
tive reflexes, malformations, and other abnormalities [32].
Among the methods of measuring mercury levels in biolog-
ical samples of dentists, the most practical and sensitive method
of measuring mercury in the body is urine mercury testing.
Determining urinary mercury level in dentistry is used to test
exposure to metallic mercury vapor and inorganic forms of mer-
cury. A review of UK dentists data for the control of low-level
occupational exposure to inorganic mercury also confirms this
issue [96]. The results showed that the mean urinary mercury
level was estimated to be 9.94 μg/L for IDs. Overall, the mean
urinary mercury level in IDs was within the range of 3.11–
57.2 μg/l. The mean of urinary mercury level in IDs compared
with the reference value of WHO was higher, which was con-
sistent with the results of other works in countries of Turkey
(6.29 μg/L) [97], Egypt (10.02 μg/L) [86], the Netherlands
(12.40 μg/L) [98], Tunisia (neuropsychological effects)
(21.1 μg/g) [99], and Tunisia (20.4 μg/g) [100]. However, the
results of studies in other countries, such as USA (3.22 μg/L
(males), 1.98 μg/L (females)) [101], USA (1.32 μg/l) [91],
Mexico (3.16 μg/l) [102], USA (1.28 μg/l) [80], USA (1.
06 μg/L) [103], United Kingdom (1.73 μmol/mol) [96], and
Scotland (2.58 nmol/mmol) [104], are below the WHO
reference value. Although, for researchers, it is very difficult to
determine the mercury level in biological samples of dentists
through the consumption of fish or other food sources,
inhaling inorganic mercury vapors in dental practice, or
individual’s own amalgam restorations, various studies have
considered different factors to be effective for mercury
concentration of dentists. However, the amount of mercury
exposure depends on various factors such as personal status of
the dentist (age, work history, and number of repairs per week)
as well as exposure to mercury during preparation, placement,
and removal of amalgam restorations [105, 106]. Amalgamator
type, ventilation, and compliance with health standards such as
washing and cleaning the equipment and manipulating spilled
droplets are effective in exposure [107, 108]. In the study by
Khamverdi et al. [75], there was significantly positive
correlation between UML and number of daily amalgam
restorations as well as how to clean amalgam-contaminated
utensil used by IDs; the number of daily amalgam restorations
was reported as the most important factor in increasing the uri-
nary mercury level of IDs. The study of Nasiri et al. confirmed
this [76]. In Khamverdi et al. [75], the researchers reported that
relationship between urinary mercury level and how to clean
amalgam-contaminated devices can be attributed to the release
of mercury vapors during the various sterilization stages of
amalgam-contaminated devices, which is linked to the ventila-
tion condition and sterilization place. In this regard, Nixon et al.
[109] demonstrated that increased ventilation would reduce the
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amount of mercury vapor in the air and, ultimately, reduce the
amount of mercury in the body. However, in the study of
Shirkhanloo et al. [64], no significant correlation was found
between UML of IDs and manner of cleaning amalgam-
contaminated utensil and air conditioning. In Hasani
Tabatabaei et al. [73], there was a significant relationship be-
tween daily and weekly work hours, age, number of amalgam
fillings, work history, and type of amalgam consumed (capsular
or bulk), on the one hand, and urinary mercury level of dentists,
on the other hand. But, there was no significant relationship
between urinary mercury level and other factors such as how
to remove excess mercury, storing stiff amalgam, crude amal-
gam storage, and presence and absence of ventilation. In the
study by Akbari et al. [69], duration of work, type of amalgam
consumed, and number of amalgam restorations per week had
no effect on dental UML. But, type of ventilation system and
type of amalgam discharge were effective for urinary mercury
levels. Daghayeghi et al. [68] found no statistically significant
relationship between urinary mercury levels and variables such
as age, work experience, and number of teeth restored with
amalgam. In the study by Ostadi et al. [67], there was a signif-
icant relationship between work experience and type of amal-
gam consumed with urinary mercury level; but, there was no
relationship between amalgam waste disposal, washing equip-
ment, mercury storage, and ventilation type. In various studies,
the results of dentists’ UML may be inconsistent, which could
make interpretation and analysis difficult. So, regarding the low
level of mercury in IDs in some studies, except for non-
occupational exposure (fish consumption, etc.), it may be argued
that adherence to health principles whenworkingwith amalgam,
reducing the incidence of tooth decay, using composite for pos-
terior teeth restoration, application of capsular amalgam, and
increased use of tooth-colored restorative materials are causes
of low mercury in dentists’ urine samples.
In the only study on hair mercury level (HML) in IDs,
mean was assessed to be 2.84 μg/g. The results of this work
showed that the mean HML in IDs compared with the allow-
able limit of WHO was higher, which was consistent with the
results of other studies in countries of Lebanon (5.58 μg/g)
[110] and USA (4.11 μg/g) [111]. However, the results of
studies in other countries, such as Sri Lanka (0.005 μg/g)
[112], USA (0.60 μg/g) [80], USA (0.62 μg/g) [91], the
Netherlands (1.88 μg/L) [98], USA (0.51 μg/L) [103],
CZECH (0.51 μg/L) [113], United Kingdom (0.71 μg/g)
[96], and Scotland (1 μg/g) [104], were below the WHO ref-
erence value. Also, mean nail mercury levels (MNM) in IDs
was estimated to be 3.54 μg/g. This rate differs in countries of
the world: United Kingdom (1.42 μg/g) [96], Scotland
(5.25 μg/g) [104], and Sweden (0.12–2.80 μg/g) [114]. Nail
and hair analyses are useful for estimating mercury bioavail-
ability, especially in estimating long-term historical exposure
[96]. While mercury levels in the hair and nail are used as a
biomarker of chronic MeHg exposure, this is not regarded
reliable for inorganic Hg levels, since external contamination
may be an error source [96]. Also, although fish consumption
and occupational exposure are effective factors for increasing
the mercury concentration in IDs, use of other sources such as
cosmetics or chemical shampoos can potentially affect the
amount of mercury in the hair [115, 116].
Limitations
An heterogeneity of mercury measurement units between dif-
ferent studies in the blood, urine, hair, and nail of IDs has been
observed in the present study. Therefore, the subgroup analy-
sis was performed separately for pooled mean of mercury in
IDs. In many studies, mercury levels in biological samples of
IDs have not been reported based on gender, age, and work
experience; this makes it impossible to provide statistics for
meta-analysis. Another limitation of the present study was the
non-representativeness of the study population. Therefore, our
results are an overview of the evidence on MML in the blood,
urine, hair, and nail of Iranian densities and it does not neces-
sarily show the level of mercury exposure in all the population
groups in Iran.
Conclusion
This study outlined and justified the need for a well-structured
Iran mercury exposure dataset. In this study, studies on mer-
cury concentrations in the blood, urine, hair, and nail of IDs
were studied. The concentration values of these materials were
also compared with the WHO standards. Mean of total mer-
cury levels in the blood, urine, hair, and nail of IDs were
greater than the WHO standard. So, it is important to manage
and monitor mercury levels in IDs in different cities amongst
the country. It is also essential to identify all potential risk
factors for mercury exposure. According to the MC, Article
10 of European Union of the Regulation stipulates the law
concerning DA and its management. So, according to the
regulations adopted, from 1 July 2018, DA shall not be used
for dental treatment of deciduous teeth, of children under
15 years old, and of pregnant or breastfeeding women, except
when deemed strictly necessary by the dental practitioner
based on the specific medical needs of the patients.
Therefore, in order to avoid the dangers of mercury exposure
in dentists, it is necessary, in agreement with the law enacted
in Article 10 of these Regulations, in Islamic republic of Iran
and other countries to approve the necessary laws and to im-
plement a national plan in order to reduce mercury levels and
replace suitable substances with it.
Acknowledgements The authors want to thank authorities of Iran
University of Medical Sciences for their comprehensives support for this
study.
J Environ Health Sci Engineer
Compliance with ethical standard
Conflict of interest The authors of this article declare that they have no
conflict of interests.
References
1. Streets DG, Horowitz HM, Jacob DJ, Lu Z, Levin L, ter Schure
AFH, et al. Total Mercury Released to the Environment by
Human Activities. Environ Sci Technol. 2017;51(11):5969–77.
2. Duffus John H. Heavy metal” a meaningless term? (IUPAC
Technical Report). Pure Appl Chem. 2002. p 793.
3. Engwa GA, Ferdinand PU, Nwalo FN, Unachukwu MN.
Mechanism and Health Effects of Heavy Metal Toxicity in
Humans. In: Karcioglu, Ozgur and Arslan, Banu, editors.
Poisoning in the Modern World - New Tricks for an Old Dog? :
IntechOpen; 2019.
4. Saleh HN, Panahande M, Yousefi M, Asghari FB, Conti GO,
Talaee E et al. Carcinogenic and non-carcinogenic risk assessment
of heavy metals in groundwater wells in Neyshabur Plain, Iran.
Biological trace element research. 2019;190(1):251–61.
5. Rahman Z, Singh VP. The relative impact of toxic heavy metals
(THMs) (arsenic (as), cadmium (cd), chromium (Cr)(VI), mercury
(hg), and lead (Pb)) on the total environment: an overview.
Environ Monit Assess. 2019;191(7):419.
6. Bjorklund G, Bengtsson U, Chirumbolo S, Kern JK. Concerns
about environmental mercury toxicity: do we forget something
else? Environ Res. 2017;152:514–6.
7. Bjørklund G, Hilt B, Dadar M, Lindh U, Aaseth J. Neurotoxic
effects of mercury exposure in dental personnel. Basic Clin
Pharmacol Toxicol. 2019;124(5):568–74.
8. Mishra S, Bharagava RN, More N, Yadav A, Zainith S, Mani S,
et al. Heavy metal contamination: an alarming threat to environ-
ment and human health. In: Sobti RC, Arora NK, Kothari R,
editors. Environmental biotechnology: for sustainable future.
Singapore: Springer Singapore; 2019. p. 103–25.
9. Mahmoudi N, Jonidi Jafari A, Moradi Y, Esrafili A. The mercury
level in hair and breast milk of lactating mothers in Iran: a system-
atic review and meta-analysis. J Environ Health Sci Eng. 2020
10. ATSDR. The priority list of hazardous substances that will be the
candidates for toxicological profiles. Agency for Toxic Subs and
Disease Registry. 2015.
11. ATSDR. “Toxicological Profile for Mercury.” Atlanta, Georgia
Agency for Toxic Substances and Disease Registry, Ctr Dis
Control Prev. 1999.
12. Basu N, Horvat M, Evers DC, Zastenskaya I, Weihe P,
Tempowski J. A state-of-the-science review of mercury bio-
markers in human populations worldwide between 2000 and
2018. Environ Health Perspect. 2018;126(10):106001.
13. Clarkson TW, Magos L. The Toxicology of Mercury and Its
Chemical Compounds. Crit. Rev Toxicol 2006;36(8):609–62.
14. Eagles-Smith CA, Silbergeld EK, Basu N, Bustamante P, Diaz-
Barriga F, Hopkins WA, et al. Modulators of mercury risk to
wildlife and humans in the context of rapid global change.
Ambio. 2018 March 01;47(2):170–97.
15. Ha E, BasuN, Bose-O’Reilly S, Dórea JG,McSorley E, Sakamoto
M, et al. Current progress on understanding the impact of mercury
on human health. Environ Res 2017;152:419–33.
16. JECFA. Methylmercury (addendum). In: Safety Evaluation of
Certain Food Additives and Contaminants. Prepared by the
sixty-seventh meeting of the Joint FAO/WHO Expert
Committee on Food Additives(JECFA). Food Additives Series
58. Geneva, Switzerland: World Health Organization, 269–315.
http://www.inchem.org/documents/jecfa/jecmono/v58je01.pdf
[Accessed 14 December 2019]; 2007a.
17. JECFA. “Methylmercury Evaluation of Certain Food Additives
and Contaminants.” Sixty-seventh Report of the Joint FAO/
WHO Expert Committee on Food Additives. WHO Technical
Report Series 940. . Geneva, Switzerland: World Health
Organization/Food and Agriculture Organization. http://apps.
who.int/iris/bitstream/10665/43592/1/WHO_TRS_940_eng.pdf
[Accessed 14 December 2019]. 2007b.
18. JECFA. “Safety Evaluation of Certain Contaminants in Food.”
Prepared by the Seventy-second meeting of the Joint FAO/
WHO Expert Committee on Food Additives(JECFA). Food
Additives Series 63. Geneva, Switzerland: World Health
Organization. http://www.inchem.org/documents/jecfa/jecmono/
v63je01.pdf [Accessed 14 December 2019]; 2011.
19. NRC. Toxicological Effects of Methylmercury. Washington, DC:
National Academies Press. National Research Council 2000.
20. U.S.EPA. Mercury Study Report to Congress. U.S.
Environmental Protection Agency. https://www.epa.gov/
mercury/mercury-study-report-congress [Accessed 14
December 2019]; 1997.
21. U.S.EPA. Chapter 4: risk assessment for methylmercury. In:
“Water Quality Criterion for the Protection of Human Health:
Methylmercury.” EPA-823-R-01-001 Washington, DC: U.S.
EPA, Office of Science and Technology, Office of Water; 2001
22. WHO. “Methylmercury”. Environmental Health Criteria 101. .
Geneva, Switzerland: World Health Organization, International
Program on Chemical Safety. http://www.inchem.org/
documents/ehc/ehc/ehc101.htm [Accessed 14 December 2019].
1990.
23. WHO. “Elemental Mercury and Inorganic Mercury Compounds:
Human Health Aspects.” Concise International Chemical
Assessment Document No. 50. Geneva, Switzerland World
Health Organization, International Program on Chemical Safety.
http://www.who.int/ipcs/publications/cicad/en/cicad50.pdf?ua=1
[Accessed 14 December 2019]. 2003.
24. Rice KM, Walker EM Jr, Wu M, Gillette C, Blough ER.
Environmental mercury and its toxic effects. J Prev Med Public
Health. 2014;47(2):74–83.
25. Lamborg CH, Hammerschmidt CR, Bowman KL, Swarr GJ,
Munson KM, Ohnemus DC, et al. A global ocean inventory of
anthropogenic mercury based on water column measurements.
Nature. 2014;512(7512):65–8.
26. Sundseth K, Pacyna JM, Pacyna EG, Pirrone N, Thorne RJ.
Global sources and pathways of mercury in the context of human
health. Int J Environ Res Public Health. 2017;14(1):105. https://
doi.org/10.3390/ijerph14010105.
27. Ali W, Junaid M, Aslam MW, Ali K, Rasool A, Zhang H. A
review on the status of mercury pollution in Pakistan: sources
and impacts . Arch Environ Contam Toxicol . 2019
May 01;76(4):519–27.
28. Park J-D, Zheng W. Human exposure and health effects of inor-
ganic and elemental mercury. J Prev Med Public Health.
2012;45(6):344–52.
29. Service BI. Study on the potential for reducing mercury pollution
from dental amalgam and batteries Brussels Final report prepared
for the European Commission – Directorate General for
Environment: https://ec.europa.eu/environment/chemicals/
mercury/pdf/final_report_110712.pdf; 2012.
30. Berlin M, Zalups RK, Fowler BA. Chapter 46 - mercury. In:
Nordberg GF, Fowler BA, Nordberg M, editors. Handbook on
the toxicology of metals (Fourth Edition). San Diego: Academic
Press; 2015. p. 1013–75.
31. Nagpal N, Bettiol SS, Isham A, Hoang H, Crocombe LA. A
Review of Mercury Exposure and Health of Dental Personnel.
Saf Health Work. 2017;8(1):1–10.
J Environ Health Sci Engineer
32. Bernhoft RA. Mercury Toxicity and Treatment: A Review of the
Literature. J Environ Public Health. 2012;2012:Article ID
460508:10.
33. Assari MJ, Fatemi F. A guide to mercury exposure in the work-
place. Tehran, Ministry of health and medical education(MHME),
Environmental and occupational health center: Institute for envi-
ronment research (Tehran university of medical science); 2015.
34. Gibb H, O’Leary KG. Mercury exposure and health impacts
among individuals in the artisanal and small-scale gold mining
community: a comprehensive review. Environ Health Perspect.
2014;122(7):667–72.
35. Tchounwou PB, Yedjou CG, Patlolla AK, SuttonDJ. Heavymetal
toxicity and the environment. In: Luch A, editor. Molecular, clin-
ical and environmental toxicology: volume 3: environmental tox-
icology. Basel: Springer Basel; 2012. p. 133–64.
36. Andreoli V, Sprovieri F. Genetic aspects of susceptibility to mer-
cury toxicity: an overview. Int. J Environ Res Public Health.
2017;14(1):93. https://doi.org/10.3390/ijerph14010093.
37. Bjørklund G, Tinkov AA, Dadar M, RahmanMM, Chirumbolo S,
Skalny AV, et al. Insights into the potential role of mercury in
Alzheimer’s disease. J Mol Neurosci. 2019;67(4):511–33.
38. Bravo M, Parra S, Quiroz W, Neaman A. Human exposure as-
sessment to mercury through hair analysis in coastal villages of the
valparaiso region (CHILE). J Chil Chem Soc. 2019;64(2):4480–3.
39. Genchi G, Sinicropi MS, Carocci A, Lauria G, Catalano A.
Mercury Exposure and Heart Diseases. Int J Environ Res. Public
Health. 2017;14(1):74.
40. Henriques MC, Loureiro S, Fardilha M, Herdeiro MT. Exposure
to mercury and human reproductive health: A systematic review
Reprod Toxicol. 2019;85:93–103.
41. Hong Y-S, Kim Y-M, Lee K-E. Methylmercury exposure and
health effects. J Prev Med Public Health. 2012;45(6):353–63.
42. Rana MN, Tangpong J, Rahman MM. Toxicodynamics of lead,
cadmium, mercury and arsenic-induced kidney toxicity and treat-
ment strategy: a mini review. Toxicol Rep. 2018;5:704–13.
43. Smiechowicz J, Skoczynska A, Nieckula-Szwarc A, Kulpa K,
Kübler A. Occupational mercury vapour poisoning with a respi-
ratory failure, pneumomediastinum and severe quadriparesis.
SAGE Open Med Case Rep. 2017;5:2050313X17695472–
2050313X.
44. Xu X, Nie S, Ding H, Hou FF. Environmental pollution and kid-
ney diseases. Nat Rev Nephrol. 2018;14(5):313–24.
45. Kim J-J, Kim Y-S, Kumar V. Heavy metal toxicity: An update of
chelating therapeutic strategies. J Trace Elem Med Biol. 2019;54:
226–31.
46. Kim K-H, Kabir E, Jahan SA. A review on the distribution of Hg
in the environment and its human health impacts. J. Hazard.
Mater. 2016;306:376–85.
47. Turaga RMR, Howarth RB, Borsuk ME. Perceptions of Mercury
Risk and Its Management. Human and Ecological Risk
Assessment. An International Journal. 2014;20(5):1385–405.
48. Bengtsson UG, Hylander LD. Increased mercury emissions from
modern dental amalgams. BioMetals. 2017 April 01;30(2):277–
83.
49. WHO. “INORGANIC MERCURY”. Environmental Health
Criteria 118. . Geneva, Switzerland: World Health Organization,
International Program on Chemical Safety. http://www.inchem.
org/documents/ehc/ehc/ehc118.htm [accessed 14 December
2019]. 1991.
50. WHO. Exposure tomercury: a major public health concern. Public
Health and Environment, Geneva, Switzerland: World Health
Organization: https://www.who.int/ipcs/features/mercury.pdf?
ua=1; 2007.
51. Aaseth J, Hilt B, Bjørklund G. Mercury exposure and health im-
pacts in dental personnel. Environ. Res. 2018;164:65–9.
52. Haque N, Yousaf S, Nejatian T, Youseffi M,Mozafari M, Sefat F.
6 - Dental amalgam. In: Khurshid Z, Najeeb S, Zafar MS, editors.
Sefat F, editors. Advanced Dental Biomaterials: Woodhead
Publishing; 2019. p. 105–25.
53. Environment Mot. Bans mercury in products. Press release:





54. Agency SC. The Swedish Chemicals Agency’s Chemical prod-
ucts and biotechnical Organisms regulations. KIFS 2008: 2 in
English, consolidated up to KIFS 2012: 3. 2008-2012.
55. Coulter MA. Minamata Convention on Mercury. International
Legal Materials, Cambridge University Press. 2017;55(3):582–
616. Epub 01/20.
56. You M. Interpretation of the source-specific substantive control
measures of the Minamata Convention on Mercury. Environ Int.
2015;75:1–10.
57. Mahmoudi N, Jonidi Jafari A, Moradi Y, Esrafili A. The mercury
level in hair and breast milk of lactating mothers in Iran: a system-
atic review and meta-analysis. J Environ Health Sci Eng.
2020;18(1):355–66.
58. Moher D, Liberati A, Tetzlaff J, Altman DG, The PG. Preferred
reporting items for systematic reviews and meta-analyses: The
PRISMA statement. PLoS Med. 2009;6(7):e1000097.
59. Wells G. The Newcastle-Ottawa Scale (NOS) for assessing the
quality of non randomised studies in meta-analyses. http://
wwwohrica/programs/clinical_epidemiology/oxfordasp. 2001.
60. Stang A. Critical evaluation of the Newcastle-Ottawa scale for the
assessment of the quality of nonrandomized studies in meta-anal-
yses. Eur J Epidemiol. 2010;25(9):603–5.
61. Wells G, Shea B, O’Connell D, Peterson J, Welch V, Losos M,
et al. The Newcastle–Ottawa Scale (NOS) for assessing the quality
of nonrandomized studies in meta-analyses Ottawa Hospital
Research Institute. http://www.ohri.ca/programs/clinical_
epidemiology/oxford.asp [Accessed 14 December 2019]. 2011.
62. Wang Q, Huang Q, Zeng Y, Jj L, Sy L, Gu X, et al. Parity and
osteoporotic fracture risk in postmenopausal women: a dose-
response meta-analysis of prospective studies. Osteoporos. Int.
2016;27(1):319–30.
63. Hozo SP, Djulbegovic B, Hozo I. Estimating the mean and vari-
ance from the median, range, and the size of a sample. BMCMed.
Res. Methodol. 2005;5(1):13.
64. Shirkhanloo H, Fallah Mehrjerdi MA, Hassani H. Identifying oc-
cupational and nonoccupational exposure to mercury in dental
personnel. Arch Environ Occup Health. 2017;72(2):63–9.
65. Kasraei S,Mortazavi H, VahediM, BakianianVaziri P, AssaryM.
Blood Mercury Level and Its Determinants among Dental
Prac t i t ione r s in Hamadan . I ran . J Den t (Tehran ) .
2010;Spring;7(2):55–63.
66. Sadeghneiat K, Pahlevan D. Blood mercury levels of dental stu-
dents and dentists at Dental School of Tehran University.
koomesh. 2007;8(4):223–8. eng.
67. Ostadi A, Falsafi P, Pourzare Mehrbani S, Dolatkhah H,
Fakhrzadeh V, Motamed A, et al. Dental amalgam exposure and
urinary mercury levels in dentists. Pharmacophore. 2017;8(6S):e-
117356.
68. Daghayeghi AH, Ashraf H, Darmiani S. Evaluation of urinary
mercury levels in dentists of dentistry department of Ahvaz oil
industrys health care, in 2010. International Research Journal of
Applied and Basic Sciences. 2014;8(8):1140–3.
69. Akbari M, Velayati Moghadam F, Ahmadi A. Evaluation of fac-
tors influencing urine mercury levels of general dentists and re-
storative specialists in Mashhad in a one-year period. Journal of
Isfahan Dental School. 2013;8(7):652–61.
J Environ Health Sci Engineer
70. Neghab M, Choobineh A, Hassan Zadeh J, Ghaderi E. Symptoms
of intoxication in dentists associated with exposure to low levels of
mercury. Ind Health. 2011;49(2):249–54 Epub 2010/12/22. eng.
71. Zavvar Mousavi H, Rouhollahi A, Shirkhanloo H. Determination
of mercury concentration in the air of dental clinics and the urines
of their personnel with cold vapor atomic absorption spectrometry.
Iranian Journal of Toxicology. 2009;2(4):287–91.
72. Zolfaghari G, Esmaili-Sari A, Ghasempouri SM, Faghihzadeh S.
Evaluation of environmental and occupational exposure to mercu-
ry among Iranian dentists. Science of The Total Environment.
2007;381(1):59–67.
73. Hasani-Tabatabaei M, Golbabaei F, Shariatei B. Evaluation of
urine mercury level of dentists in Tehran and its influencial fac-
tors. J. Dent. Med. 2006;19(3):66–75.
74. Esmaili Sari A, Zolfaghari G, Ghasempouri SM, Shayegh S,
Shojaeddin HTM. Effect of Age, Gender, Years of Practice,
Specialty and Number of Amalgam restorations on Mercury
Concentration in Nails of dentists practicing in Tehran. The
Journal of Islamic Dental Association of IRAN (JIDA).
2007;19(1):97–104.
75. Khamverdi Z, Assari MJ, Maleki K. Evaluation of urinary mercu-
ry concentration of dentists with more than 4 years experience in
Hamadan. Journal of islamic dental association of iran.
2004;16(2):42–8.
76. Nasiri P, Golbabaie F, Mahmodi M. Occupational health Analysis
in dentists of Tehran. J. Dent. Med. 1993;6(2):26–33.
77. Warwick D, Young M, Palmer J, Ermel RW. Mercury vapor vol-
atilization from particulate generated from dental amalgam remov-
al with a high-speed dental drill – a significant source of exposure.
Journal of Occupational Medicine and Toxicology. 2019;14(1):
22.
78. Burke FT. Minamata: what the practising dentist needs to know.
Dental Update. 2018;45(6):579–80.
79. UNEP. “INC7”. Minamata Convention on Mercury Geneva,
Switzerland: United Nations Environmental Program: http://
www.mercuryconvention.org/Countries/tabid/3428/Default.aspx
[accessed 24 December 2019].
80. Goodrich JM, Chou H-N, Gruninger SE, Franzblau A, Basu N.
Exposures of dental professionals to elemental mercury and meth-
ylmercury. J. Expo. Sci. Environ. Epidemiol. 2016;26(1):78–85.
81. Jamil N, Baqar M, Ilyas S, Qadir A, Arslan M, Salman M, et al.
Use of mercury in dental silver amalgam: an occupational and
environmental assessment. Biomed Res Int. 2016;2016:6126385.
82. Bjorklund G. [Mercury in the dental office. Risk evaluation of the
occupational environment in dental care]. Tidsskrift for den
Norske laegeforening : tidsskrift for praktisk medicin, ny raekke.
1991 Mar 20;111(8):948–51. Epub 1991/03/20. Kvikksolv i
tannhelsepersonalets arbeidsmiljo. En risikovurdering av
arbeidsmiljoet innen tannhelsetjenesten. nor.
83. Al-Saleh I, Aa A-S, Elkhatib R. Effect of mercury (Hg) dental
amalgam fillings on renal and oxidative stress biomarkers in chil-
dren. Sci. Total Environ. 2012;431:188–96.
84. Cesbron A, Saussereau E, Mahieu L, Couland I, Guerbet M,
Goullé J-P. Metallic profile of whole blood and plasma in a series
of 106 healthy volunteers. J Anal Toxicol. 2013;37(7):401–5.
85. U.S.FDA. epidemiological evidence on the adverse health effects
reported in relation to mercury from dental amalgam: systematic
literature review. U.S. Food and Drug Administration: https://
www.fda.gov/media/131151/download. [accessed 24 December
2019]; 2019.
86. Samir AM,ArefWM. Impact of occupational exposure to elemen-
tal mercury on some antioxidative enzymes among dental staff.
Toxicol Ind Health. 2011;27(9):779–86.
87. Tezel H, Ertas OS, Erakin C, Kayali A. Blood mercury levels of
dental students and dentists at a dental school. Br Dent J.
2001;191(8):449–52.
88. Atesagaoglu A, Omurlu H, Ozcagli E, Sardas S, Ertas N. Mercury
exposure in dental practice. Oper Dent. 2006;31(6):666–9.
89. Ngim CH, Foo SC, Boey KW, Jeyaratnam J. Chronic
neurobehavioural effects of elemental mercury in dentists. Br J
Ind Med. 1992;49(11):782–90.
90. Battistone GC, Hefferren JJ, Miller RA, Outright DE. Mercury: its
relation to the dentist’s health and dental practice characteristics. J
Am Dent Assoc. 1976;92(6):1182–8.
91. Parajuli RP, Goodrich JM, Chou H-N, Gruninger SE, Dolinoy
DC, Franzblau A, et al. Genetic polymorphisms are associated
with hair, blood, and urine mercury levels in the American
Dental Association (ADA) study participants. Environ. Res.
2016;149:247–58.
92. Yilmaz H, Tutkun E, Demiralp KO, Yilmaz FM, Aliyev V,
Soylemezoglu T. Exposure to mercury among dental health
workers in Turkey: correlation with amalgam work and own fill-
ings. Toxicol Ind Health. 2015;31(10):951–4.
93. Moller-Madsen B, Hansen JC, Kragstrup J. Mercury concentra-
tions in blood from Danish dentists. Scand J Dent Res.
1988;96(1):56–9.
94. UNEP, WHO. Guidance for identifying populations at risk from
mercury exposure. Issued by UNEP DTIE Chemicals Branch and
WHO Department of Food Safety, Zoonoses and Foodborne
Diseases. . Geneva, Switzerland: United Nations Environment
Programme / World Health Organization: https://www.who.int/
foodsafety/publications/risk-mercury-exposure/en/; 2008.
95. Martin S, Griswold W. Human health effects of heavy metals.
Environmental Science and Technology briefs for citizens.
2009;15:1–6.
96. Morton J, Mason HJ, Ritchie KA, White M. Comparison of hair,
nails and urine for biological monitoring of low level inorganic
mercury exposure in dental workers. Biomarkers. 2004;9(1):47–
55.
97. Karahalil B, Rahravi H, Ertas N. Examination of urinary mercury
levels in dentists in Turkey. Hum. Exp. Toxicol. 2005;24(8):383–
8.
98. Herber RF, de Gee AJ, Wibowo AA. Exposure of dentists and
assistants to mercury: mercury levels in urine and hair related to
conditions of practice. Community Dent Oral Epidemiol.
1988;16(3):153–8.
99. Chaari N, Chebel S, Merchaoui I, Kerkeni A, Neffati F, Najjar F,
et al. Neuropsychological effects of mercury exposure among den-
tists in Monastir City. Recent Patents Inflamm Allergy Drug
Discov. 2015;9(2):151–8 Epub 2015/11/20. eng.
100. Chaari N, Kerkeni A, Saadeddine S, Neffati F, Khalfallah T,
Akrout M. Mercury impregnation in dentists and dental assistants
in Monastir city, Tunisia. Rev Stomatol Chir Maxillofac.
2009;110(3):139–44.
101. Echeverria D, Woods JS, Heyer NJ, Rohlman DS, Farin FM,
Bittner AC, et al. Chronic low-level mercury exposure, BDNF
polymorphism, and associations with cognitive and motor func-
tion. Neurotoxicol. Teratol. 2005;27(6):781–96.
102. Padilla MillánMA, Granados Correa F. Determination of mercury
in urine of Mexican dentists. J. Radioanal. Nucl. Chem.
2002;254(2):305–9.
103. Wang Y, Goodrich JM,Werner R, Gillespie B, Basu N, Franzblau
A. An investigation of modifying effects of single nucleotide poly-
morphisms in metabolism-related genes on the relationship be-
tween peripheral nerve function and mercury levels in urine and
hair. Sci. Total Environ. 2012;417–418:32–8.
104. Ritchie KA, Burke FJ, Gilmour WH, Macdonald EB, Dale IM,
Hamilton RM, et al. Mercury vapour levels in dental practices and
body mercury levels of dentists and controls. Br Dent J.
2004;197(10):625–32.
105. Chopp GF, Kaufman EG. Mercury vapor related to manipulation
of amalgam and to floor surface. Oper. Dent. 1983;8(1):23–7.
J Environ Health Sci Engineer
106. Powell L, Johnson G, Yashar Y, Bales D. Mercury vapor release
during insertion and removal of dental amalgam. Oper. Dent.
1994;19:70.
107. Harris D, Nicols JJ, Stark R, Hill K. The dental working environ-
ment and the risk of mercury exposure. J. Am. Dent. Assoc.
1978;97(5):811–5.
108. Nilsson B, Nilsson B. Mercury in dental practice. II. Urinary mer-
cury excretion in dental personnel. Swed Dent J. 1986;10(6):221–
32.
109. Nixon G, Whittle C, Woodfin A. Mercury levels in dental surger-
ies and dental personnel. Br Dent J. 1981;151(5):149–54.
110. Harakeh S, Sabra N, Kassak K, Doughan B. Factors influencing
total mercury levels among Lebanese dentists. Sci. Total Environ.
2002;297(1):153–60.
111. Harakeh S, Sabra N, Kassak K, Doughan B, Sukhn C. Mercury
and arsenic levels among Lebanese dentists: a call for action. Bull
Environ Contam Toxicol. 2003 April 01;70(4):0629–35.
112. Wijesekara LA, Usoof R, Gamage SST, Jayasinghe R, Gamage N,
De Silva D, et al. Mercury levels in hair samples of dentists: a
comparative study in Sri Lanka. J Investig Clin Dent. 2018;9(2):
e12302.
113. Wranova K, CejchanovaM, Spevakova V, Korunova V, Vobecky
M, Spevacek V. Mercury and methylmercury in hair of selected
groups of Czech population. Cent Eur J Public Health. 2009;17(1):
36–40.
114. Rodushkin I, AxelssonMD. Application of double focusing sector
field ICP-MS for multielemental characterization of human hair
and nails Part II A study of the inhabitants of northern Sweden.
Sci. Total Environ. 2000;262(1):21–36.
115. Wilhelm M, Müller F, Idel H. Biological monitoring of mercury
vapour exposure by scalp hair analysis in comparison to blood and
urine. Toxicol Lett. 1996;88(1):221–6.
116. Al-Saleh I, Al-Doush I. Mercury content in skin-lightening creams
and potential hazards to the health of Saudi women. J Toxicol
Environ Health. 1997;51(2):123–30.
Publisher’s note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.
J Environ Health Sci Engineer
